Abstract. Diabetes mellitus is associated with disturbances in haemostasis that could contribute to the development of thrombotic complications.The present study was undertaken to determine the behavior of coagulation variables and fibrinolytic system in diabetes mellitus. Forty five diabetic patients and forty five matched controls were evaluated by doing the following haemostatic parameter, prothrombin time, partial thromboplastin time, thrombin time, coagulation factors assay II, VII, IX, & plasma fibrinogen, ADP-induced platelet aggregation, protein C, a2-antiplasmin, PAI and FDPs. Generally diabetic patients have high levels of fibrinogen, a2-antiplasmin, & PAI and lower level of protein C. Other haemostatic parameters did not show statistically significant difference between diabetic patients and control group. Significantally elevated levels of PAI, a2-antiplasmin together with low protein C level in diabetic patients may result in the disturbance of haemostatic balance favoring thrombotic events. Conclusion: High levels of plasma fibrinogen, a2A-antiplasmin with low plasma protein C activity could lead to a prothrombotic tendency in insulin dependent diabetic patients. Moreover, in non-insulin dependent diabetic patients, the above mentioned parameters together with high levels of ADP-induced platelet aggregation and plasminogen activator inhibitor may increase the risk of thrombotic complications. Obesity can be considered as an additional risk factor for development of thrombosis in diabetic patients.
Introduction
Diabetes mellitus is one of the most common serious metabolic disorders in man. It is not one, but rather a group of related diseases characterized by chronic hyperglycemia [3] .
The fibrinolytic system is natural defense against thrombosis. A balance exists between plasminogen activators and inhibitors, and impairment of this balance can caused either by diminished release of tissue plasminogen activator (t-PA) or increased levels of plasminogen activator inhibitor 1 (PAI-1). PAI-1 is a serine protease inhibitor and evidence suggests that it is the major regulator of the fibrinolytic system. It binds and rapidly inhibits from an inactive irreversible complex [5] .
Diabetes mellitus associated with both metabolic and vascular abnormalities and although a causal link between the two has been suggested. This has not been fully established [13] . Patients with diabetes mellitus have an increased risk of cardiovascular diseases, especially myocardial infarction, cerebrovascular and peripheral vascular diseases. These complications account for 80% of the deaths in people with non-insulin dependent diabetes. With 60% attributable to ischemic heart disease. Much attention has been devoted to the pathogenic factors, altered haemostatic balance, including abnormalities in platelet function, increase in blood coagulability and altered fibrinolytic system [17] . Since most of these abnormalities indicate a hypercoagulable and hypofibrinolytic state leading to enhance intravascular fibrin deposition, they have been linked to the high risk for cardiovascular morbidity and mortality among these patients [25] . The aim of this study was undertaken to determine the behavior of haemostatic variables and also the risk factors associated with diabetes mellitus.
Patients and methodes
The present study has been carried out on diabetic outpatients clinic of Maadi Armed Forces Hospital, Cairo. The study was conducted on 90 cases (45dia-betic patients and 45 healthy controls of matched age and sex as the diabetic patients). The diabetic patients were stratified according to WHO criteria (1985) as follows: Plasma from controls and diabetic patients were subjected to the following assessments: prothrombin time, 
Statistical analysis
The statistical computation in this study were performed using the IBM-Personal Computer XT, statistical package SPSS for windows version 10.05.
Results
From the results given in Table 1 , values of prothrombin time, partial thromboplastin and thrombin time in insulin dependent diabetic patients showed statistically insignificant differences when compared to the control group.
The mean normal value of plasminogen, a 2 -antiplasmin, and plasminogen activator inhibitor were found to be 106 ± 3.75%, 103.1 ± 4.5% and 1.853 ± 0.192% respectively. The insulin dependent diabetic patients exhibited a non-significant change in plasminogen, plasminogen activator inhibitor and a very highly significant elevation in a 2 -antiplasmin (p = 0.001) compared to its healthy control group (Table 1) . Also, fibrin degradation products in insulin dependent diabetic patients were found to be negative.
Significantly elevated mean plasma fibrinogen was observed in insulin dependent diabetic patients (339.0 ± 19.9 mg/dl.) as compared to the healthy control (279.8 ± 11.3 mg/dl.) (p = 0.05) ( Table 2) .
From the results represented in Table 2 , we observed non-significant differences in coagulation factors (II, VII, IX and X) and ADP-induced platelet aggregation (%) in insulin dependent diabetic patients compared with their healthy control.
The mean values of anticoagulant protein C was significantly decreased in insulin dependent diabetic patients (68.3 ± 8.2%) as compared to that of their healthy control (121.6 ± 6.3%) (p = 0.001) ( Table 2) .
Form the results represented in Table 3 , we observed insignificant differences in prothrombin time, partial thromboplastin time and thrombin time in non-obese, non-insulin dependent diabetic patients compared to that of the control group. Table 3 showed that the mean normal levels of a 2 -antiplasmin and plasminogen activator inhibitor were found to be 102.9 ± 4.3% and 2.04 ± 0.188% respectively. The non-obese, non-insulin dependent diabetic patients showed a highly significant increase in plasminogen activator inhibitor (p = 0.01, = 0.001 respectively) compared to its control group.
The mean value of plasminogen in non-obese, non-insulin dependent diabetic patients (117.247 ± 3.954%) showed a statistically non-insulin difference as compared to their healthy control group (Table 3) . Also fibrin degradation products in non-obese, non-insulin dependent diabetic patients was found to be negative.
Significantly elevated mean plasma fibrinogen was observed in non-obese, non-insulin dependent diabetic patients (335.3 ± 10.5 mg/dl.) as compared to the healthy control (269.7 ± 10.5 mg/dl) (p = 0.05) (Table 4).
Our results listed in Table 4 revealed anon-significant changes in coagulation factors I, VII, IX, and X in nonobese, non-insulin dependent diabetic patients compared with their healthy control.
The mean values of anticoagulant protein C was significantly decreased in non-obese, non-insulin dependent diabetic patients (89.3 ± 7.71%) as compared to that of their healthy control (113.6 ± 4.4%) (p = 0.05) ( Table 4) .
The mean ADP-induced platelet aggregation (%) in non-obese healthy control was 65.3 ± 2.3%. The mean ADP-induced platelet aggregation in non-obese, noninsulin dependent diabetic patients (86.41 ± 0.87%) was statistically higher than that of the control group (p = 0.001) ( Table 4) . Table 5 showed insignificant differences in prothrombin time, partial thromboplastin time and thrombin time in obese non-insulin dependent diabetic patients compared to that of obese control group. Table 5 showed that then mean normal levels of a 2 -antiplasmin and plasminogen activator inhibitor were found to be 108.0 ± 4.8% and 1.56 ± 0.18% respectively. The obese, non-insulin dependent diabetic patients showed a highly significant increase in a 2 -antiplasmin and very highly significant increase in plasminogen activator inhibitor (p = 0.01, = 0.001 respectively) compared to its control obese group.
The plasminogen activator inhibitor level showed good specificity in both non-obese and obese noninsulin dependent diabetic patients at decision level above 3.4 IU/ml and 2.8 IU/ml respectively, it was also very sensitive in distinguishing obese non-insulin dependent diabetics from their healthy control (Table 7) .
The mean values of plasminogen in obese, noninsulin dependent diabetic patients (112.133 ± 3.957%) showed statistically non-significant difference as compared to their obese control (Table 5) . Also, fibrin degradation products in obese, non-insulin dependent diabetic patients was found to be negative.
From the results represented in Table 6 , we observed insignificant differences in coagulation factors II, VII, IX and X in obese, non-insulin dependent diabetic patients compared with obese control group.
The mean normal values of fibrinogen and anticoagulant protein C were found to be 279.5 ± 11.9 mg/dl and 115.9 ± 4.8% respectively. The obese non-insulin dependent diabetic patients exhibited a significant increase in fibrinogen (345.7 ± 28.6 mg/dl) compared to obese control (p = 0.05) and a significant decrease in protein C was observed (88.9 ± 8.7%) compared to obese control (p = 0.05) ( Table 6 ).
Our data in Table 6 have shown a very highly significant increase in ADP-induced platelet aggregation % (mean ± S.E., 96.49 ± 1.95%) as compared with obese control (mean ± S.E., 66.73 ± 2.33%) (p = 0.001).
Discussion
Diabetic patients are considered to beat increased risk of thromboembolic disease, but it seems that, this assumption is not entirely true. These patients are not particularly prone to the classic presentations of thrombophilic diathesis, such as deep vein thrombosis or pulmonary embolism, but are at high risk for atherosclerosis and its vaso-occlusive complications [1] . Multiple occlusions also occur in the small vessels of the retina. Peripheral nerves and other tissues. Diabetes mellitus therefore appears to damage the vessels making them more susceptible to occlusion [23] . The coagulation abnormalities observed in diabetic patients seem to be caused by the hyperglycemia, which also contributes the distinguishing feature of this disease [6] . Fibrinolytic activity has been reported to be normal, elevated or low in diabetic patients [15] . Alterations in factors such as fibrinogen concentration and turnover, fibronectin, and platelet adhesiveness and aggregation are found in non-insulin dependent diabetic patients and can leadto excess accumulation of fibrin and platelet on vascular walls [14] .
The results assay of coagulation factors II, VII and X in diabetic patient groups were not statistically different from that of the healthy control groups. This finding is in agreement with the studies of Ibbotson et al. [13] who suggested that any differences in generation of thrombin activity in plasma of diabetic patients compared to normal individuals are likely to be insignificant and the blood coagulation is not enhanced in diabetic patients compared with control subjects.
However, there was significant difference in factor VII level being higher in obese, non-insulin dependent diabetic patients compared to insulin dependent diabetic patients. This may accuse obesity as a risk factor in the pathogenesis of thrombosis. These results were similar to obese of Primrose et al. [24] who noticed that factor VII levels found to be of higher levels in obese patients compared to control group.
Obesity is associated with hyperinsulinemia and hyperlipidemia as well as enhancing haemostasis and decreasing fibrinolytic function [24] .
Regarding fibrinogen level, high significant level was demonstrated in the three groups of diabetes studied compared to their controls but the difference between each one of the three groups and the other was insignificant. Increased plasma fibrinogen may contribute to a hypercoagulable state in non-insulin dependent diabetes mellitus [10] . Fibrinogen may induce thrombus formation by affecting platelets and erythrocytes to aggregation and by promoting increased blood viscosity [20] . Plasma fibrinogen is often elevated in diabetes which has been identified as a major vascular risk factor [12] .
Also, fibrinogen, the immediate precursor of fibrin, is frequently elevated in patients with non-insulin dependent diabetes mellitus and this elevation is associated with poor glycemic control [18] . It has been previously shown that increased fibrinogen synthesis and turnover in diabetes are related to insulin deficiency and can be corrected by insulin administration [8] .
Protein C is one of the most important antithrombotic components. After activation by thrombinthrombomodulin complex on the endothelial cells, activated protein C ( APC) inactivates factor VIIIa and Va and hence, inhibits thrombin formation.
APC was demonstrated to show profibrinolytic activity by inactivating plasminogen activator inhibitor. Since severe thrombosis was observed in patients with protein C deficiency. Protein C might play a critical role in antithrombotic process. Protein C might be consumed by developing the hypercoagulable state [22] .
Compared with carefully matched control subjects, insulin dependent and non-insulin dependent diabetic patients showed significantly decreased level of protein C in plasma. This decrease may be caused by either a reduced synthesis of protein C in the liver or by increased clearance from the blood plasma. This decrease is an indicator of an abnormal, probably hypercoagulable, haemostatic situation in diabetic patients [26] .
Our results showed no significant difference in platelet aggregation in insulin dependent diabetic patients in comparison to their control group. These results are in accordance with the findings of others who reported normal platelet aggregation in non-insulin complicated cases of type I diabetes [2, 11] .
Plasma a 2 -antiplasmin was significantly highly in the three groups of diabetic patients studied compared to that of their control groups. However, no significant difference was found between any one group and the other.
Cucuionu et al. [7] demonstrated that fibrinolysis was delayed by increase in the concentration of fibrinogen, plasminogen activator inhibitors, a 2 -antiplasmin and factor XIII (in he presence of a 2 -antiplasmin). Thrombin induced release of PAI from platelets also contributed to retard clot lysis [9] . Wun and Copuauo [29] also showed that in the presence of fibrin a certain amount of t-PA may dissociate from its complex with plasminogen activator inhibitor. The released activator will then act on the clot, particularly in low activity of factor XIII and a 2 -antiplasmin and more susceptible to fibrinolysis.
Regarding plasminogen activator inhibitor, our results indicated that non-insulin dependent diabetic patients (non-obese and obese) exhibited a very highly significant increase its level (Tables 3 and 5 ). Whereas a non-significant difference was found in insulin dependent diabetic patients as compared to their healthy control groups.
This parameter which has also proved to have high diagnostic efficiency may play a cardinal role in the follow-up of diabetic patients and could be considered as good prognostic factor in follow-up of patients to detect early development of a prothrombotic state particularly in non-insulin dependent diabetics.
The above findings were consistent with Viceri et al. [27] who reported normal tissue plasminogen activator and plasminogen activator inhibitor activity in plasma from patients with type I diabetes mellitus.
The altered levels of PAI-1 in patients with diabetes may result from genetic polymorphisms influencing PAI-1 gene expression. Theoretically such polymorphisms could exist at or near the PAI-1 gene or at some distant gene which codes for a factor that controls PAI-1 gene expression [21] .
Fibrin/fibrinogen degradation products in all diabetic patients studied were found to be negative reflecting insignificant intravascular coagulapthy. Jones et al. [16] were unable to demonstrate any fibrin degradation products consistently in any of the diabetic patients.
From these findings we may conclude that high levels of plasma fibrinogen, a 2 -antiplasmin with low plasma protein C activity could to a prothrombotic tendency in insulin dependent diabetic patients. Moreover, in non-insulin dependent diabetic patients, the above mentioned parameters together with high levels of ADPinduced platelet aggregation and plasminogen activator inhibitor may increase the risk of thrombotic complications.It was also demonstrated that plasminogen activator inhibitor, serum cholesterol and triacylglycerol were higher in obese non-insulin dependent diabetic patients. From these observations we may suggest that obesity can be considered as an additional risk factor for development of thrombosis in diabetic patients.
